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(57) ABSTRACT

A bonding type crystal controlled oscillator includes a crystal
package and a circuit package bonded by two-tier bonding.
An anisotropy conductive adhesive is interposed between
back surface of the crystal package facing the circuit package
and an upper surface of the circuit package facing the crystal
package. The anisotropy conductive adhesive includes a ther-
mosetting resin containing solder micro particles dispersed in
the thermosetting resin. Assuming that a thickness of the
output terminal formed at the crystal package is C um, a
thickness of the external terminal formed at the circuit pack-
age is D pum, and an average outside diameter of the solder
micro particles dispersed in the anisotropy conductive adhe-
sive is E pm, the dimensional relation is set to (C+D)>E.
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1
BONDING TYPE CRYSTAL CONTROLLED
OSCILLATOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Japan appli-
cation serial no. 2013-091289, filed on Apr. 24, 2013. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

TECHNICAL FIELD

This disclosure relates to a surface mount type crystal
controlled oscillator, and especially relates to a crystal con-
trolled oscillator where a crystal package and a circuit pack-
age are bonded by two-tier bonding. The crystal package
houses a crystal oscillator. The circuit package houses elec-
tronic circuit components such as an IC chip and constitutes
an oscillation circuit with the crystal oscillator.

DESCRIPTION OF THE RELATED ART

A crystal controlled oscillator, for example, of a tempera-
ture compensation type, is often used in mobile communica-
tion devices such as a mobile phone. Nowadays, from an
aspect of productivity, there is a surface mount type crystal
controlled oscillator where a mounting board that houses
electronic components is bonded to a bottom surface of a
crystal resonator.

FIGS. 5A and 5B are cross-sectional schematic view illus-
trating a conventional surface mount type crystal controlled
oscillator where a crystal package and a circuit package are
bonded by two-tier bonding. FIG. 5A illustrates a state before
bonding the two packages, and FIG. 5B illustrates a state
where the two packages are bonded together. This crystal
controlled oscillator has a configuration where a mounting
surface (bottom wall (back surface)) of an output terminal
(crystal output terminal) 2 of the crystal package 1, which
houses a crystal element (not shown), and a mounting surface
(upper surface) of an external terminal (crystal input termi-
nal) 4 disposed at the circuit package 3, which houses an IC
chip (not shown) constituting an oscillation circuit with the
crystal element (not shown), are bonded as two tiers of top
and bottom. The output terminal 2 of the crystal package 1
forms one step higher than a back surface 1A. The back
surface 1A is the bottom surface and is where the output
terminal 2 of the crystal package 1 stands. The external ter-
minal 4 disposed at the circuit package 3 forms one step
higher than an upper surface 3A. The upper surface 3A is a
surface on which the external terminal 4 of the circuit package
3 is disposed.

The above-described crystal package 1 and circuit package
3 are electrically connected using an anisotropy conductive
adhesive 6 with an adhesive property. This anisotropy con-
ductive adhesive 6 includes a uniform dispersion of conduc-
tive particles within an adhesive agent with a high insulation
property. The anisotropy conductive adhesive 6 is used to
electrically connect opposing electrodes, to insulate between
adjacent electrodes, and to secure between the packages. As
an exemplary adhesive used for heat treatment including a
reflow process is an epoxy resin with high heat resistance and
high insulation, which contains conductive particles of solder
powders (hereinafter, solder micro particles). One of the
anisotropy conductive adhesives known does not require sol-
der pre-coating on a surface of a bonding electrode.
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On adhesion surfaces of the crystal package 1 and the
circuit package 3, the anisotropy conductive adhesive 6,
where solder micro particles 61 are dispersed across thermo-
setting resin (epoxy resin) 62, is applied (see FIG. 5A). The
anisotropy conductive adhesive 6 is a thermosetting resin
containing solder powders where solder micro particles 61
are dispersed in the thermosetting resin (epoxy resin) 62. In
this example, the anisotropy conductive adhesive 6 formu-
lated as a paste is applied on the upper surface 3A, on which
the above-described external terminals 4 are disposed, and
the external terminals 4 of the circuit package 3. For the
anisotropy conductive adhesive 6, instead of a paste type, a
liquid type is also available. A liquid type may be applied, or
the anisotropy conductive adhesive 6 formed in a film form
may be affixed. Containers (housing) of the crystal package 1
and the circuit package 3 are formed by molding a glass epoxy
plate, ceramic plate, crystal plate, or glass plate.

On an upper surface 3A of the external terminal 4 in the
circuit package 3, the anisotropy conductive adhesive 6 is
applied. On the anisotropy conductive adhesive 6, a back
surface 1A, which is the bottom surface where the output
terminal 2 of the crystal package 1 is disposed, is positioned
such that the above-described output terminal 2 correctly
faces the above-described external terminal 4. Then both
packages are pressurized and heat treated in a reflow furnace.
This process bonds the crystal package 1 with the circuit
package 3, as illustrated in FIG. 5B. That is, solder micro
particles 61a between the output terminal 2 and the external
terminal 4 are crushed between the output terminal 2 and the
external terminal 4. The output terminal 2 and the external
terminal 4 are electrically connected via the crushed solder
micro particles 61a.

The anisotropy conductive adhesive 6 between the crystal
package 1 and the circuit package 3 uses an epoxy resin,
which melts in heating and hardens after cooling to bond the
crystal package 1 and the circuit package 3 mechanically and
strongly. A composite electronic component, which is a two-
tier bonding type crystal controlled oscillator, is thus config-
ured. The Japanese Unexamined Patent Application Publica-
tion Nos. 2000-349555 and 2009-105628 disclose
conventional examples of two-tier bonding type crystal con-
trolled oscillators.

FIG. 6 is a cross-sectional schematic view illustrating a
cause of a bonding failure between a crystal package and a
circuit package in a conventional surface mount type crystal
controlled oscillator, which is a two-tier bonding type illus-
trated in FIGS. 5A and 5B. One or both of the upper surface
3 A of the circuit package 3 and the back surface 1A of the
crystal package 1 may have a non-flatness or non-parallel
distortion such as a partial deflection. In that case, the solder
micro particles 61 between the output terminal 2 of the crystal
package 1 and the external terminal 4 of the circuit package 3
may stay uncrushed in pressurized heat treatment as illus-
trated in the area circled with B in FIG. 6.

FIG. 6 illustrates a state where the upper surface 3A, where
one of the external terminals 4 of the circuit package 3 is
disposed, has a partial non-parallel distortion, which is not
parallel to the back surface 1A of the crystal package 1, to
right down direction in this view. As a result, the solder micro
particles 61 between the output terminal 2 of the crystal
package 1 and the external terminal 4 of the circuit package 3
are not crushed enough or not crushed at all, and such solder
micro particles 61 cause a failure of no electrical connection.
Consequently, such faulty components lower the production
yield. A similar failure would occur if there were non-parallel
distortions, such as deflections, on both of the back surface
1A and the upper surface 3A. The back surface 1A is a surface
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of the crystal package 1 or is where the output terminal 2 of
the crystal package 1 is disposed. The upper surface 3A is
where the external terminal 4 of the circuit package 3 is
disposed.

A need thus exists for a bonding type crystal controlled
oscillator which is not susceptible to the drawbacks men-
tioned above.

SUMMARY

A bonding type crystal controlled oscillator according to
the disclosure includes a crystal package and a circuit pack-
age. The crystal package houses a crystal oscillator. The cir-
cuit package houses an electronic circuit component consti-
tuting an oscillation circuit with the crystal oscillator. The
circuit package and the crystal package are bonded by two-
tier bonding. The crystal package includes a container that
has a back surface facing the circuit package and includes a
plurality of output terminals with a flat shape. The plurality of
output terminals forms one step higher than the back surface.
The circuit package includes an upper surface facing the
crystal package and a plurality of external terminals with a flat
shape disposed at positions corresponding to the plurality of
output terminals formed on the crystal package. The plurality
of external terminals form one step higher than the upper
surface. An anisotropy conductive adhesive is interposed
between the back surface of the crystal package facing the
circuit package and the upper surface of the circuit package
facing the crystal package, the anisotropy conductive adhe-
sive including a thermosetting resin containing solder micro
particles dispersed in the thermosetting resin. Assuming that
a thickness of the output terminal formed at the crystal pack-
age is C um, a thickness of the external terminal formed at the
circuit package is D pm, and an average outside diameter of
the solder micro particles dispersed in the anisotropy conduc-
tive adhesive is E pm, the dimensional relation is set to (C+D)
>E.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed description considered with reference to the
accompanying drawings.

FIG. 1 is a cross-sectional schematic view illustrating a
bonding type crystal controlled oscillator according to an
embodiment 1 of this disclosure.

FIG. 2 is an enlarged cross-sectional schematic view of an
area where a crystal package and a circuit package illustrated
in FIG. 1 face each other.

FIG. 3 is a cross-sectional schematic view illustrating an
allowable amount of non-parallel distortion between the fac-
ing surfaces of the crystal package 1 and the circuit package
3.

FIG. 4A is a cross-sectional schematic view illustrating a
bonding type crystal controlled oscillator according to an
embodiment 2 of this disclosure.

FIG. 4B is a plan schematic view illustrating a circuit
package viewed from a crystal package side.

FIG. 5A is a cross-sectional schematic view illustrating a
conventional surface mount type crystal controlled oscillator
where a crystal package and a circuit package are to be
bonded by two-tier bonding.

FIG. 5B is a cross-sectional schematic view illustrating the
conventional surface mount type crystal controlled oscillator
where a crystal package and a circuit package are bonded by
two-tier bonding.
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FIG. 6 is a cross-sectional schematic view illustrating a
cause of a bonding failure between the crystal package and
the circuit package, which are bonded by two-tier bonding in
the conventional surface mount type crystal controlled oscil-
lator described in FIGS. 5A and 5B.

DETAILED DESCRIPTION

Hereinafter, a detailed description will be given of embodi-
ments of bonding type crystal controlled oscillators accord-
ing to this disclosure with reference to the accompanying
drawings.

Embodiment 1

FIG. 1 is a cross-sectional schematic view illustrating a
bonding type crystal controlled oscillator according to an
embodiment 1 of this disclosure. FIG. 2 is an enlarged cross-
sectional schematic view of an area where a crystal package
and a circuit package illustrated in FIG. 1 face each other. In
these views, the same like reference numerals are used for the
same functional components in FIGS. 5A and 5B and FIG. 6.
A container of a crystal package 1 houses a crystal element
(not shown). A circuit package 3 houses an IC chip (not
shown), which constitutes an oscillation circuit together with
the crystal element. The circuit package 3 of some crystal
controlled oscillator types houses an IC chip integrated in a
temperature control circuit or such a mechanism. The circuit
package 3 of other crystal controlled oscillator types houses a
temperature control circuit or such a mechanism along with
an IC chip.

On a back surface 1A of the crystal package 1, a plurality of
output terminals 2, which output oscillation signals from the
crystal resonator, are disposed. An upper surface 3A of the
circuit package 3 faces the above-described back surface 1A
of'the crystal package 1. On that upper surface 3A, an external
terminal 4, which receives crystal element oscillation signals
from the crystal package 1, is disposed.

The output terminal 2 disposed at the crystal package 1
forms one step higher than the back surface 1A of the crystal
package 1. The external terminal 4 disposed at the circuit
package 3 forms one step higher than the upper surface 3A of
the circuit package 3. A like reference numeral 5 denotes a
surface mounted terminal, which is used to mount this bond-
ing type crystal controlled oscillator to a circuit board or
similar of an applied device.

Similarly to the above-described FIGS. 5A and 5B, for the
electrical connection between the output terminal 2 of the
crystal package 1 and the external terminal 4 of the circuit
package 3, an anisotropy conductive adhesive 6 is used. This
anisotropy conductive adhesive 6 has an adhesive property by
having solder micro particles 61 dispersed in an epoxy resin
62, which is a thermosetting resin. This anisotropy conduc-
tive adhesive 6 is interposed between the back surface 1A of
the crystal package 1 and the upper surface 3A of the circuit
package 3. In the embodiment 1, on all area of the upper
surface 3A of the circuit package 3 including the external
terminal 4, the anisotropy conductive adhesive 6 is applied.
Then, the back surface of the crystal package 1 is placed on
the upper surface of the circuit package 3, and the positions
are adjusted such that the output terminal 2 and external
terminal 4 face each other correctly.

After the position adjustment, the crystal package 1 and the
circuit package 3 are pressurized toward each other’s adhe-
sion direction and put through a reflow process in that state.
This reflow process melts the epoxy resin 62 and heats the
dispersed solder micro particles 61. As illustrated in FIG. 2,
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assuming that a thickness of the output terminal 2 formed at
the crystal package 1 is C um, a thickness of the external
terminal 4 formed at the circuit package 3 is D um, and an
average outside diameter of the solder micro particles 61
dispersed in the anisotropy conductive adhesive 6 is E pum, the
dimensional relation is set to (C+D)>E.

By setting the dimensional relation as illustrated in FIG. 2,
the heated solder micro particles 61 are crushed with the
above-described pressing pressure between the output termi-
nal 2 ofthe crystal package 1 and the external terminal 4 of the
circuit package 3, and the output terminal 2 and the external
terminal 4 become electrically connected. The melted ther-
mosetting resin 62 spreads and moistens all over the back
surface 1A including the output terminal 2 of the crystal
package 1 as well as the upper surface 3A including the
external terminal 4 of the circuit package 3. Then in cooling
after the reflow process, the thermosetting resin 62 hardens
and bonds the two surfaces mechanically and strongly.

Thus, setting (C+D)>E whereas: a thickness of the output
terminal 2 formed at the crystal package 1 is C um, a thickness
of the external terminal 4 formed at the circuit package 3 is D
um, and an average outside diameter of the solder micro
particles 61 dispersed in the anisotropy conductive adhesive 6
is E um, prevents the above-described electrical connection
failure, which was described as a problem faced by the con-
ventional technique.

The description above assumes that the facing surfaces of
the crystal package 1 and the circuit package 3 are parallel to
each other. The description below will explain the cases hav-
ing a non-parallel distortion such as a deflection on a surface.

FIG. 3 is a cross-sectional schematic view illustrating an
allowable amount of non-parallel distortion between the fac-
ing surfaces of the crystal package 1 and the circuit package
3. In this view, the same like reference numerals are used for
the same functional components in the other views. In FIG. 3,
the deflection amount between the surfaces of the output
terminals 2 toward a direction away from the external termi-
nal 4 of the circuit package 3 is denoted as A (A=0). The
plurality of the output terminals 2, which have flat shapes, are
disposed on the back surface 1A ofthe container of the crystal
package 1. Also, the deflection amount between the surfaces
of the external terminals 4 toward a direction away from the
above-described output terminal 2 of the crystal package 1 is
denoted as B (Bz0). The plurality of the external terminals 4,
which have flat shapes, are disposed on the upper surface 3A
of'the container of the circuit package 3. The crystal package
1 and the circuit package 3 that satisty the sum of (A+B)=<20
pum are used.

The crystal package 1 and the circuit package 3 that do not
satisfy the above-described formula (A+B)<20 pum are dis-
carded before bonding. Needless to say, when A=0 or B=0,
only one of the crystal package 1 and the circuit package 3 is
discarded.

According to this embodiment, as illustrated in FIG. 5B,
the solder micro particles 61a crushed between the output
terminal 2 and the external terminal 4 provide a favorable
bonding and improve the production yield of the bonding type
crystal controlled oscillator.

Embodiment 2

FIGS. 4A and 4B each illustrate a bonding type crystal
controlled oscillator according to an embodiment 2 of this
disclosure. FIG. 4A is a cross-sectional schematic view, and
FIG. 4B is a plan schematic diagram illustrating a circuit
package of FIG. 4A viewed from the crystal package side. In
this view, the same like reference numerals are used for the
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same functional components in FIG. 1 through FIG. 3 and
FIGS. 5A and 5B and FIG. 6. This embodiment is a bonding
type crystal controlled oscillator with the crystal package 1
and the circuit package 3 both constituted by processing a
crystal blank.

The crystal package 1 is configured by attaching a bottom
wall 11, a crystal element 12, and a lid wall 13 together. These
bottom wall 11, crystal element 12, and lid wall 13 are all
formed by processing a crystal blank. On both of the surfaces
of the crystal element 12, excitation electrodes 14a and 145
are respectively formed. The crystal element 12 is cantile-
vered from a base portion 16 via a connecting portion 15.
Oscillation signals from the crystal element 12 are connected
to the output terminal 2 via a conductor (not shown). Thus, in
this embodiment, the crystal package 1, which constitutes a
bonding type crystal controlled oscillator, is entirely consti-
tuted with a crystal blank.

Also in this embodiment, the container of the circuit pack-
age 3 is also formed by processing a crystal blank. This
container has a depressed portion 9 formed in a relatively
thick crystal blank by etching and includes a wiring pattern
(not shown) on a bottom surface (not shown) of the depressed
portion 9. An IC chip 7 is mounted on the wiring pattern with
bumps 8 of the IC chip 7 connected to electrode pads of this
wiring pattern. The above-described wiring pattern is used
for, for example, the connection between the external termi-
nal 4 and the IC chip 7.

As illustrated by FIG. 4B, a plurality of external terminals
4 (four terminals are shown here) are disposed at edge por-
tions of open ends of the circuit package 3. The solder micro
particles 61a between the external terminals 4 and the output
terminals 2 (see FIG. 4A) are crushed and have widened
planer surfaces. On the circuit package 3, open ends other
than the areas requiring electrical connection are mechani-
cally bonded with the thermosetting resin 62.

In this embodiment, the crystal package 1 and the circuit
package 3 each have a container (all configuration compo-
nents of the crystal package 1) configured with crystal blank.
However, only one of the packages may be configured with a
known substrate (glass epoxy plate, ceramic plate, glass plate,
or similar) other than crystal blank.

With this embodiment, formation of solder micro particles
crushed between an output terminal of a crystal package and
an external terminal of a circuit package provide a favorable
bonding for a bonding type crystal controlled oscillator, and
improves the production yield of the bonding type crystal
controlled oscillator.

Application of this disclosure is not limited to a crystal
controlled oscillator. This disclosure may be applied to vari-
ous types of electronic components using an anisotropy con-
ductive adhesive made of thermosetting resin containing sol-
der particles.

A bonding type crystal controlled oscillator of the disclo-
sure is (2) a bonding type crystal controlled oscillator that
includes a crystal package that houses a crystal oscillator; and
a circuit package that houses an electronic circuit such as an
IC chip component constituting an oscillation circuit with the
crystal oscillator. The circuit package and the crystal package
being bonded by two-tier bonding. (2) The crystal package
includes a container that has a back surface facing the circuit
package and includes a plurality of output terminals with a flat
shape, the plurality of output terminals forming one step
higher than the back surface. (3) The circuit package includes
an upper surface facing the crystal package and a plurality of
external terminals with a flat shape disposed at positions
corresponding to the plurality of output terminals formed on
the crystal package, the plurality of external terminals form-
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ing one step higher than the upper surface. (4) An anisotropy
conductive adhesive is interposed between the back surface of
the crystal package facing the circuit package and the upper
surface of the circuit package facing the crystal package, the
anisotropy conductive adhesive including a thermosetting
resin containing solder micro particles dispersed in the ther-
mosetting resin. (5) Assuming that a thickness of the output
terminal formed at the crystal package is C um, a thickness of
the external terminal formed at the circuit package is D um,
and an average outside diameter of the solder micro particles
dispersed in the anisotropy conductive adhesive is E pm. (6)
The dimensional relation is set to (C+D)>E.

(7) Assuming that the average outside diameter E of the solder
micro particles is 20 pm to 30 um, the sum (C+D) of the
thickness of the output terminal formed at the crystal package
and the thickness of the external terminal formed at the circuit
package is equal to or more than 30 pm.

(8) The container of the crystal package is a product by
processing a crystal blank among the container of the crystal
package and the circuit package.

(9) Both of the containers of the crystal package and the
circuit package are each a product by processing a crystal
blank.

(10) Assuming that: a deflection amount between surfaces of
the output terminals toward a direction away from the exter-
nal terminal of the circuit package is denoted as A (A=0), the
plurality of the output terminals with a flat shape being dis-
posed on the back surface of the container of the crystal
package; and a deflection amount between surfaces of the
external terminals toward a direction away from the output
terminal of the crystal package is denoted as B (B=0), the
plurality of the external terminals with a flat shape being
disposed on the upper surface of the container of the circuit
package, the crystal package and the circuit package that
satisfy a sum of (A+B)=20 um are used to be bonded.

The thickness of the output terminal formed on the crystal
package is denoted as thickness C. The thickness of the exter-
nal terminal formed on the circuit package is denoted as
thickness D. By making the sum of the thicknesses C and D
larger than an average outside diameter E of solder micro
particles, the output terminal formed on the crystal package
and the external terminal formed on the circuit package are
certainly able to crush the solder micro particles and prevent
electrical conduction failures between the two terminals. Fac-
ing areas other than the output terminal and the external
terminal are strongly bonded with thermosetting resin, which
constitutes the anisotropy conductive adhesive.

The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
to be protected is not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.
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What is claimed is:

1. A bonding type crystal controlled oscillator, comprising:

a crystal package that houses a crystal oscillator; and

a circuit package that houses an electronic circuit compo-
nent constituting an oscillation circuit with the crystal
oscillator, the circuit package and the crystal package
being bonded by two-tier bonding, wherein

the crystal package includes a container that has a back
surface facing the circuit package and includes a plural-
ity of output terminals with a flat shape, the plurality of
output terminals forming one step higher than the back
surface,

the circuit package includes an upper surface facing the
crystal package and a plurality of external terminals with

a flat shape disposed at positions corresponding to the

plurality of output terminals formed on the crystal pack-

age, the plurality of external terminals forming one step
higher than the upper surface,

an anisotropy conductive adhesive is interposed between
the back surface of the crystal package facing the circuit
package and the upper surface of the circuit package
facing the crystal package, the anisotropy conductive
adhesive including a thermosetting resin containing sol-
der micro particles dispersed in the thermosetting resin,
and

assuming that a thickness of the output terminal formed at
the crystal package is C pum, a thickness of the external
terminal formed at the circuit package is D um, and an
average outside diameter of the solder micro particles
dispersed in the anisotropy conductive adhesive is E um,
the dimensional relation is set to (C+D)>E,

wherein assuming that:

a deflection amount between surfaces of the output ter-
minals toward a direction away from the external
terminal of the circuit package is denoted as A (A=0),
the plurality of the output terminals with a flat shape
being disposed on the back surface of the container of
the crystal package; and

a deflection amount between surfaces of the external
terminals toward a direction away from the output
terminal of'the crystal package is denoted as B (B=0),
the plurality of the external terminals with a flat shape
being disposed on the upper surface of the container
of the circuit package,

the crystal package and the circuit package that satisty a
sum of (A+B)=20 um are used to be bonded.

2. The bonding type crystal controlled oscillator according

to claim 1, wherein

assuming that the average outside diameter E of the solder
micro particles is 20 um to 30 pm, the sum (C+D) of the
thickness of the output terminal formed at the crystal
package and the thickness of the external terminal

formed at the circuit package is equal to or more than 30

pm.
3. The bonding type crystal controlled oscillator according
to claim 1, wherein
the container of the crystal package is a product by pro-
cessing a crystal blank among the container of the crys-
tal package and the circuit package.
4. The bonding type crystal controlled oscillator according
to claim 1, wherein
both of the containers of the crystal package and the circuit
package are each a product by processing a crystal
blank.



